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MEASUREMENT OF RADIOACTIVE CONTAMINATED WASTES

J. T. Caldwell, D. A. Close, T. W. Crane, T. H. Kuckertz,
W, E. Kunz, R. Morgado, J. C. Pratt, E. R. Shunk, C. J. Umbarger
Los Alamos National Laboratory, Los Alames, New Mexico, USA
L. A. Franks and S. M. Kocimski
EGLG Santa varbara Operations, Goleta, California, USA

At Los Alamos, a comprehensive program 1s underway for the development of sensitive, practical, nondestruc-

tive assay techniques for the quantification of low-level transuranics in bulk solid wastes.

The program

encompasses a broad range . f techniques, including sophisticated active and passive gamma-ray spectroscopy,
passive neutron detection systems, pulsed portable neutron generator interrogation systrus, and electron

accelerator-based techniques.
in either low-density or high-density matrices.
in many cases, isotopic specific.
wooden crates.

INTRCZUCTION

As pcrt of any comprehensive radioactive waste
managament program, it 1s important to have the capa-
bility to determine the types and amounts of radio-
activity in wastes., Without such ability, it is
impossible to direct cost effective and timely waste
managemen* programs for waste generators and reposi-
tories, the decontamination and decommissioning of
outdated nuclear facilities, and the exhumation of old
radioactive waste burial grounds. Heretofore, only
administrative controls could be used for transuranic
(TRU) waste sorting, often resulting in overestimates
of TRU wiste quantity, thereby significantly increas-
ing the amount o/ mater:als that had to be handled as
retrievable wastes, which requires expensive handling
techniques and engineered storace.

To ameliorate this problem, a comprehensive pro-
gram is in progress at the Los Alamos National Labora-
tory for the development of sensitive, practical,
nondestructive assay techniques for the quantification
of low-level transuranics 1a bulk solid wastes, The
program encompasses a broad range of techniques,
including sophisticated active and passive gamma-ray
interrogation, passive neutron detection systems,
pulsed portable neutron generator interrogation
systems, and electron accelerator-based techniques.
The techniques can be used with either low-level or
high-level beta-gamma wastes in either lew-density or
high-density matr;ces. Waste package containers range
in size from 2 ftJ cardboard curtons to 4x4x:' wood
and metal crates. Through the use of such techniques,
the capabiiity now exists to cost-effectively sort and
scgregate wastes by TRU content. The techniques are
gener'~ {n nature and can be effectiyely applied to
other than TRU wastes, such as uranaium and tho={um
mill tailings and radiopharmaccutical wastes,

COMBUSTIBLE WASTL ASSAY

One of the first instruments designed and huilt
for the assay of transuranin wastes at the 10 nCi/y
level was the Multiencrgy Gamra Assay System (MEGAS),!
The original MLGAS (3.1 Fig. 1) has brer significantly
upgraded (MEGAS 11).€-% MEGAS 11 operales 1n a seg-
mented mode, which allows the determination of hot
spots within waste packages. The basic photon detec-
tor for both ix a 127-mm diameler by 1.6-mn thick Nal
crystal, which optimizes the TRU detection capability
using L x rays and gamma rays having an enerqy less

The techniques can be used with either low-level or hiyn-level beta-gamma wastes
The techniques are quite sensiiive (<10 nCi/g detection) and,
Waste packages range in size from small cz.dboard boxes to large metal or
Considerable effort is being expended on waste matrix identification to improve assay accuracy.

Fig. 1. MLGAS TRU waste assay system with Nal photon
detector on top of support looking at rotating

waste package.

than 100 keV. The de;igtinn imit at the 3+ level
gggvo backgrouand for ¢%1Am is less than 5 pCi/q and for

Pu is less than 1 nCi/g for a 500-s count. Packayes
typically contain low density, comhustible type wastes:
in a 2 ft3 cardboard carton, Total mass of the con-
tainer and wastes must generally be les: than 10 ka for
accurate assay (errurs 150%).

The presence of heta- and yamna-ray smitting
fission products decreases the IR detectio. Yimit for
the Nal detector. 1lhe additiond+? of a high resolution,
nyprrpure, planar germanium detector, 1000-mi? active
area, 12-mm thick, allows the assay of TRU fsotopes
even in the presence »f several mR/h gamma and beta
backgrounds. A tabuiation of measured detection Yimits
for the hyperpurc germanium detector is presented in
Ref. 3. Using these data, it {s estimated that TRU
assay al the Y0 nCi/g leved s,n still he Tq e even In
the presence of 400 wCt of '37cs (6% nct V¥ es/g).

When four banky gf polyethylene-moderated Jhe
detectors are addeds "% around the MEGAS, neutron detecs
tion is achieved, The measured detectabidity 1'mit



{30 level above background, 1000-s count total neu-
tron count) for these neutron detectors is 480 nCi/g
for defense grade plutonium oxide. Becausa “He
detectors are relatively insensitive to photons. they
can operate even in the presence of high fission
product backgrounds (1-10 R/h). The neutron rounters
were added to assure that significant quantities
(>100 mg) of plutonium, even if well shielded, would
be detected. The technology for this developmert has
been transferred to other DOE facilities and to vhe
U.S. commercial instrumentation sector.

CRATE COUNTER

Much of the plutonium and uranium waste generated
in the nuclear industry is ultimately packaged in
large crates having typical dimensions of 1.0-m or
more on a side. An active-passive 4n neutron ccunting
system has been developed at Los Alamos to assay/
screen these large containers for their TRU and
uranium content. This crate counter is rade from
discrete moderated JHe neutron detector modules which
are easily arranyed into a variety of assay chamber
geometries. Very large objects an. debris from decom-
missioning programs can be easily accommodated in the
counter,

"qg. 2, Schematic of modular 4= neutron assay chamber

for large crate assay

FMyure ¢ deplicts the construction of the ditcrete
counter modules and the placement to form an assay
chamber with inturnal dimensions of 1.2x1.2x2.4 m,

The measured 4+ detection efficiency in this confiqur-
ation for a bhare californfum source 15 145, Separate
counting electronics are provided for each of the two
chambers {0 each of the six modules for a tota' of
twelve indoperdent signals. The relative Singles
count rates from different portions of the 44 system
are used for geometry and matrix correctiont, JFioure
J shows the ratfo of the count rates from the two end
modules as a function of source position along the
lenyth of the assay chamber, Similar ratios have hgon
measured for the two sets of opposite side modules,
The three ratios can serve to determine the approxi-
mate location of a source, Figure 4 shows the crate
counter in final assembly., This system will be placed
in routine opera fon at a DO facility.

AN neutron detection systems suffer in the pre-
sence of matrix materials, parttcularly hydrogenous
p?grrinls. A flat responie (0101) was measured for
2520 neutron sources moderated by thicknpsses of
polyethylene ranging from 0 to 7.5 cm. A compensation
technique for greater effective hydrogenout moderators
is based on the difforentia) vnerqgy sensit: vity of the

Fig. 3. Ratio of count rates for the end modules of a
47 neutron crate assay chamber for a source
moved along the length of the assav chamber.

Fig. 4. TRU crate assay system In final construction

phasc,

count rates in the 1nner and outer chambers of each
module,

for pivtonium contaminated wastes, the pusijc 4n
coincident meagyrement generally deiermines the 240py
mass. If the ¢90py ty total Pu ratio is knpwn, this
mearuramnt determines the total Pu mgsb. Measured 3o
detection sensitivity 1= about 10 my €40py 5.6

The active part of the crate counter is the
di fferenti, ! die-away pulssd neutron technique dis-
cussad nesl and elsewhere.’/ Preliminary detection
Timits 535 tne nsajvo crate counter are H-10 mq for
oither €3py or 2300

by -GALLON DRUM COUNTER

Los Alamos has also developed an accurate, highly
sensitive assay systen for the measurement of TRU
waste 10 2080 (4%5-gallon) barrels. The assay chamber
of thiv differentia) die-away system {see g, 9)
conslsts of a . aphite and pelyethylene structure with
A small, pulsed O ¢ T neutron yenerator instde, Both
cadmium-covered and nare JHe neutron detectors are
incorporated ‘n the chamber, being placed external to
the qraphite but within polynthylens, The graphite
and olyethylene modera.ed 14 MoV neutrons are rom-
pletely thermalized in D 7 ma.  The thermal neutron:



Fig. 5. Schematic of drum assay system.

die sway in the interrogation cavity with a half 1ife
of about 0.76 ms. The interrogating thermal pulse
lasts 2 long time in the chamber and induces thermal
neutron fission 1n any fissfle material present in the
waste barrel,
the fast, flgsion-produced neutrons.
a measured 239y sensitivity of less than 1 mg in a
208-1 barrel. A complete description of this system,
including 1ts application to mixed wastes (curium,
californium, plutonium, yranium, americium, neptunium),
5"8 matrix correction methnds, is presented elsewhere,

»7 A drum assay system has recently been developed
and fabricated by Los Alamos and installed at the Qak
Ridge National Laboratory for test and evaluation pur-
poses under field conditions (see Fig, 6). The system
1s working as planned.

This system has

Fig. 6. ORNL drum acsay system with doc~ oper and

barrel loading platform in place.
GAMMA ASSAY
!n ideal supplement to the pulsed thermal neutron

inter-ogation system 14 gamma-ray spectroscopy. This
s particularly true for waste containing many {sotopes.

Gamma-ray spectroscopy 18 sensitive to most radioactive .

isotopes, notadly fission products, and many TRU 1so-
topes that are difficult to assay by active or passive
neutron methods, Some spectific examples of tsotopes
tnat cannot be assayed via nvutrogi that can be assayed
using gamma-ray ﬁpnctroscngﬁ_nre "43Am and ?37Np, which
have daughters, c39Np and €J3py, rospectively, that

The cadmium-coverad detectors count only

have energetic gamma rays. An isotope in the grey
area is Am, which has a low fission cross section
and spontaneous fission rate and a very intense but
Tow energy (Ey = 60 keV), gamma ray.

Active/passive gamma-ray spectroscopy has been
Tong used to quantify the radioactive material and
wastes in a barrel.!V, The major problem is ~harac-
terizing the matrix to make the necessary corrections
to the gamma-ray signatures. There are two subtly
different techniques. One 1s to use external sources,
{?antical to the isotcpes in the barrel, to over-ride
the passive signal, to give the effective attenuation
Jt the desired energies. The other technique relies
on the fact that above about 150 keV, the attenuaticn
coefficient varies smoothly and slowly as a function
of energy. This technique characterizes the matrix as
a function of energy over a large energy range.

LINAC APPLICATIONS

An electron Yinear accelerator (LINAC) can be the
heart of a complete assay system. Photofission inter-
rogation offers good sensitivity for TRU, but because
of the similarity of photofissign cross secticns for
both fissile and fertile (e.g. 238U) isotopes and
other high 72 materials, such as lead. identification
of specific nuclides is dirficult. Thermal neutron
interrogation offers high sensitivity for fissile
isotopes but essentially none for fertile isotopes.

A conbinatior. of neutron and photon 1nterr?§ation can
separate the fissile and fertile isotopes.

Photons are produced in a bremsstrahlung target
that stops the electron beam., The photon beam then
passes through a polyethylene slab to harden the pho-
ton spectrum. A portion of the higher energy photons
above various reaction threshold energies will produce
photoneutrons. A beryllium converter can also be used
to significantly increase tne photoneutron flux.
Photoneutrons and prompt photofission neutrons will
thermalize in a few tens of microseconds and wil)
persist as thermals for hundreds of microseconds,
during which time they will generate thermal neutron
fissions among the fissile TRU, Prompt fissions fron
thermal fission are separated in time from the photo-
neutrons and can serve as a quantitative signatuie,
The detection mnthod is the differentia} 81e-away
system described carlier and elsewhere,’"

Neutron count rate vs. Lime from simultan-
vous Rhntnn and nautron interrogation of
I g 230y,

Fig. 7.



While the thermai fissions are produced in near
simultaneity with the photofission events, the prompt
and delayed neutrons from the two fission processes
can be resolved in a single detector. This is i1lus-
trated in Fig. 7, where the neutron count rate from a
1 g 239 sample irradiated by a 12 MeV bremsstrahlung
hurst is plotted versus time after burst. Curve "a"
shows the prompt neutron count rate to persist for
about 8 ms, with a nearly constant delayed neutron
count rate cont1nu1n8 to the next burst. Curve "b",
obtained with the 23%py wrapped with cadmium, shows
the delayed neutrons to be only weakly affected by the
cadmium, whereas the prompt neutrons are essentially
absent, demonstrating the predominantly photofission
origin of the delayed group. For a 200-s LINAC inter-
roaat1gn run, the 3o detection limit it¢ better than
1 mg SPu, which is less than 1 nCi/y or waste for a
105 kg matrix of aluminim scrap in a 208-2 barrel.

+ 14" Barrels of roncrete, bitumen, sand, and other
matrices have also been studied with wide applications
in waste management programs. It should be noted that
the systems described here can be installed in a
mobile van for field analysis. Such a system is now
under study.

NONDESTRUCTIVE EXAMINATION

While the LINAC is being used as an interrogation
source, it can simultaneously be used to produce a
radingraph or picture of the waste container and con-
tents, A radiograph indicates where and what inhomo-
geneities are in the barrel, Of a purely qualitative
nature, a radiograph gives an excellent fingerprint of
vhe barrel, which can be used for shipper/receiver

verification that a given barrel has not Leen tampered
with,

MATRIX TDENTIFICATION

To further complete an assay, the LINAC can be
used to identify matrix constituents using the thermal
neutron capture reaction {n,y) and a hyperpure ger-
man-um (HpGe) gamma detector. Such identification is
especially vseful when the neutron detectors indicate
highly absorbing materials present. Pre’iminary
measurements have identified cadmium, aluminum,
nydrogen and chlorine. In our prelimirary measure-
ments. the Hple detector was severely affected by the
gamna flash from the LINAC and was peralyced for
several milliscconds after the flash, Thus, the
firompt capture gamma rays were missed and only a few
gamma ~ays from thermal neutron activation were
gecected, Recent efforts have greatly reduced the
paralysis time nf the detector so that prompt capture
qamma rays are now detected,

iron,

Similar matrix studies can be ?3d1 using other
external neutron Saurces, such as Cf, or even the
fnternat neutron sources (e.q. alpha-n reactions)
contained within the waste. Generally, these methods
do mat suffer from detector paralysis problems.

Table 1 shows the experimentally measured deteuta-
bility Yimit (30 Tevel above backgrourd, 1000-3 count)
for various c)onmnts located in the central reyton of

a 208-4 Bprru «100 kg). These measurement. employed
3 50 ug €9¢Cf neutron source and a highly collimated
165 efficient Ge(l{) detector, “Vhermal neutron cap-
ture is particularly sensitive to neutron poisons, A
detectability Ymit below 1 g (10 ppm) 1y achieved
for all the neutron poisons except 1{thium, The poor
sensitivity for 1ithium iy bccnuso the primary neutron
absorhing Tithium tsotove, l1. captures neutrons
without emitting ganma rays. The tecnnig.e can be
used to fdentify hazardous and toxic materials other
than radioact ve materfals (e.y. the heavy metals,
mercury and cadmium),

TABLE 1. Elemental Thermal Neutron Capture Gamma-Ray
Sensitivities for 208-Liter-Drum Assays.
Number of a Detectability
Eiement Gomma-Ray Lines Limitd
HydrogenC ] 14.2 g
Helium 0
Lithiumd 7 3.2 kg
Beryllium 7 8.6 kg
Boron 7 150 mg
Carbon 3 40.3 kg
Nitrogent 43 1.7 kg
Oxygen )
Fluorine 1 5.6 kg
Sodium 51 176 g
Magnesium 18 286 g
AluminemC 51 805 g
Silicon 27 970 g
Phosphorus 60 2 kg
Sulfyr 33 400 g
Chlovine 41 15.3 g
Potassium 88 280 g
Calcium 46 792 g
Scandium 87 21.8 g
Titanium 39 45.2 g
Vanadium 62 68.2 g
Chromium £6 202
Manganese 7€ 48.2 g
IronC 42 508 g
Cobalt 39 29 g
Nicke) 49 122 g
Copper 66 9% g
Zinc n 1.2 kg
Cadmium™ 33 420  myg
Gadolinium 17 879 mg
Mercury 4 3.2 g

A4hen usable, escape peaks are included.

bCOunting time 1000-¢, three standard deviations avove
background.

Cpossible interference with measurement system

components.

dNeutron poison.
SUMMARY

The Lo~ Alamos TRU waste assay program is devel-
oping measurement techniques for TRU and other radio-
active waste materials generatea by the nuclear indus-
try. Systems are now being fielded for test and
evaluation purposes at DOE TRU waste generators. The
transfer of this technélogy to other facilities and

the commercial instrumentation sector 1s well ir ro-
gress,

REFERENCES

1. C. J, Umbarger and L. R, Cowder, "Measurement of
Transuranic Solid Wastes at the 10 nCi/g Activity
Level." Nucl. Tech 27, 500 (1975).

J. S, Hendricks and 0, A. (lose, “3Ho Detector
Design for Low Level Transuranic Waste Assay,'
Trans, ANS 28, 137 (1978),

3. D. A Close, et al., "TRU Waste Assay Instrumen-
tation: New Developments and Directions at the
Los Alamos Sctentific Laboratory,”" Journal of the
INMM 7, 503 (1978).

4, T. W. Crane, L. R. Cowder, D, F. Jones, and
E. R, Martin, "Assay of Fission Product Contamin-

ated Waste at the 10 nCi/q Fiducial,” Journal of
the INMM 6, 446 (1977).



10.

1.

12.

14.

E. R. Shunk, J. T. Caldwell, S. w. France, and

G. C. Herrera, "A High-Efficiency, Modular System
for the Assay of Plutonium in Large Waste
Packages, presented at the IEEE Nuclea: Science
Symposium, San Francisco, California, October 21-
23, 1981; Los Alamos National Laboratory Report
LA-UR-B1-3078 (1981).

J. T. Caldwell, "Passive and Active Assay Measure-
ments on Crate Size Waste Packages," Trans.
ANS 39, 339 (1981).

W. E. Kunz, J. D. Atencio, W. Bernard,

G. C. Herrera, J. C. Pratt, and J. T. Caldwell,
"A 1-mg Sensitivity Fissile Assay System,”
Proc. 3rd ESARDA Symposium, Xarlsruhe, F. R.
Germany, May 6-8, 1981, p. 119.

W. E. Kunz, J. D. Atencio, W. Bernard,

G. C. Herrera, H. H. Hsu, J. C. Pratt, and

J. T. Caldwell, "Multi-Isotopic Waste Assay
System," ANS Topical Meeting on Treatment and
Handling of Radioactive hastes," Richland,
Washington, April 19-22, 1982.

J. T. Caldwell, W. E. Kunz, J. D. Atencio,

G. C. Herrera, and J. C. Pratt, "Experimental
Evaluaticn of the Difrerential Die-away Pulsed
Neutron Technique for the Fissile Assay of Hot
Irradiated Fuel Wastes," ANS Topical Meeting on
Treatment and Hand1ing of Radioactive Wastes,"
Richland, Mashington, April 139-22, 1982,

J. L. Parker, T. D. Reilly, R. B. Walton,

D. B. Smith, and L. V. East, "Attenuation
Corrected Passive Gamma Assay," Los Alamos
Scientific Laboratory Report LA-4705-MS (1970).

L. V. East, E, R. Martin, T. L. Atwell,

R. H. Augustson, and H. 0. Menlove, "Automated
Nondestructive Assay Instrumentation for Nuclear
Mat.~ials Safeguards," IEEE Trans. Nucl. Scl. 22,
739 (1975).

L. A, Franks, J. L. Pigg, J. T. Caldwell,

M. R. Cates, W. E, Kunz, B. W. Noel, and

D. A. Close, "High Sensitivity Transuranic Waste
Assay by “imultaneous Photon and Thermal-Neutron
Irterrogation Using an Electron Linear Accelera-
tor," Nucl. Inst. and Meth., 193, 571 (1962)

J, T. caldwell, M, R, Cates, D. A. Close,

T. W, frane, W. E. Kunz, E. R, Shunk,

C. J. Umbarger, and L. A. Franks, "Recent Develop-
ments at Los Alamos for Measurin? Alpha-Contamina-
ted Waste," International Symposium on the Manage-
ment of Alpha-Contaminated Wastes, Viennr, Austiie,
June 2-6, 1980, IAEA-SM-246/67.

1. R. Cates, B. W. Noel, J. T. Caldwell,

w. E. Kunz, N. A, Clos2, L. A, Franks, and

J. I.. Pigg, "Application of Linear Accelerator
Technology to the Detection of Trace Amounts of
Transuranics in Waste Barrels," International
Symnosium on the Manacement of Alpha-Contaminated
Hastes, Vienna, Austria, June 2-6, 1980,
TAEA-SM-246/30.



- - W'“WM-TWEG“W v_wwm'“m"”ﬂr'r‘v"""?“ —

St .’,. ‘-: _ P - S \
I o Vi x
!
»

,h'.’ .
LI e D
e a0 (LIRS |
i "l B

Aty Fi

!
»
; )

5.."‘ I("‘-':‘ g
”l‘ \ v ‘| h




fe— 122m —

2.54cm THICK
POLYETHYLENE

3He NEUTRON DETECTORS

/

1.27cm THICK
POLYETHYLE NE —

/

7
=
Z

SUPPORT STRUCTURE FOR
SIDE ANDEND MODULES




1 1 | | (@)
n < L\ P) o _ o

(S/SLNNOJ) IIAN3 / (S/SLNNMOD) 1AN3

SOURCE DISTANCE (m)




¥ ]

Yy Ro
da b

TR S

« "" ',‘ !

S x
[™ R




Cd + B THERMAL
NEUTRON "DAMPER"

3He NEUTRON DETECTORS

7
2
= ~ [ 27cm THICK
= POLYETHYLENE
B
- -
2 4 B -
Zh | |+ POLYETHYLENE
S
THERMAL NEUTRON = S
FLUX MONITOR LB ) 3 GRAPHITE
(25¢cm x 45 cm) T = =
2 S
= -~
)’ ‘
\ s\\\

S -

200.£ (55 GAL ) /
BARREL FILLED WITH _—<_D-T NEUTRON GENERATOR
15

SAND AND VERMICULITE \l///' 4572 cm x 10.16 cm




e ———Tw PTG

.MZJ! ‘..:','..) .t

"
..

R

'

RADIOACTIET
CHINT AMINATHE
WASTYE

W 'nn-. ,

>

| J
ol

£

$gn.w
&
Y
ne o«

Ll
N
’ Wl o
R WP——

- d A
Z ’E
b-. - i

L)
o

geT -"‘"""H"t\"w m'm"!v'” " v "‘F‘ .

A "r‘
s
A



Count rate (ms-')

105

[ (a) PuO:zSample, Bare
F (b) PuO2 Sample, Cadmium Wrapped
-
B
}_
d
104
-
}_
B
b
a
10 (a)
o
[—'——S?n.q} =e, © Ol o) o) Q WV
ol b s T e
L d L | | 1
0 4 8 12 16 20 24

Time after linac pulse (ms)

28



	Untitled
	Untitled

